The usage of stainless steel in construction has been increasing owing to its corrosion resistance, aesthetic appearance and favourable mechanical properties. The most common stainless steel grades used for structural applications are austenitic steels. The main drawback of these grades relies on their nickel content (around 8-10%), resulting in a relatively high initial material cost. Other stainless steel grades with lower nickel content such as the ferritic steels offer the benefits of stainless steels in terms of functional qualities and design but within a limited cost frame. Hence, ferritic stainless steels may be a viable alternative for structural applications. Given the fact that little experimental information on ferritic stainless steels is currently available, the purpose of this investigation is to report a series of material and cross-section tests on ferritic grade EN 1.4003 (similar to 3Cr12) stainless steel square and rectangular hollow sections to enable a better understanding of their material response and structural performance. Four different cross-section geometries have been tested under pure compression and in-plane bending. Measurements of geometric imperfections and material properties are also presented. The obtained test results are used to assess the adequacy of the slenderness limits and effective width formula given in EN 1993-1-4 to ferritic stainless steels, those proposed by Gardner and Theofanous and Zhou et al. design approach.
Introduction
The chromium present within the internal crystalline structure of stainless steels forms a selfhealing passivation layer of chromium oxide (Cr 2 O 3 ) when exposed to oxygen preventing surface corrosion. Other alloying elements are added to meet specific needs in terms of strength, corrosion resistance and ease of fabrication. Depending on their chemical composition, stainless steels can be classified into main five categories: ferritic, austenitic, martensitic, duplex and precipitation hardening. The most commonly used materials in construction are the austenitic grades which have reasonable mechanical strength with 0.2% proof stress of 210-240 N/mm 2 and display high ductility with ultimate strains ε u laying between 50 and 60%. These positive features, however, may be inhibited by the high initial material cost and considerable price fluctuations associated with the amount of nickel involved in austenitic stainless steels (8-11%) . Ferritic stainless steels, on the other hand, contain little nickel leaving chromium as the main alloying element (min. 10.5%); hence, they are price stable and cheaper alloys. In comparison with the austenitic grades, the initial material cost of ferritic stainless steels is about three times lower which makes them an attractive alternative for structural applications. Despite their low nickel content, which may reduce ductility and increase risk of pitting corrosion, ferritic stainless steels offer a good combination of mechanical and corrosion-resistance properties with higher 0.2% proof stress of 250-330 N/mm 2 in the annealed condition and they are easier to work and machine in comparison with the austenitics. Moreover, by increasing the chromium content (10.5-30%) and including establishing alloying elements such as molybdenum and niobium, similar corrosion resistance to some austenitics grades can be achieved without compromising the initial material cost.
The viability of ferritic stainless steels for structural applications has been recently investigated within the framework of a RFCS European project [2] where the applicability of various aspects of the European design guidance for stainless steels, EN 1993-1-4 [1] , to this material was examined. The specifications for cross-section design given in EN 1993-1-4 [1] , have been assessed for application to ferritic stainless steel on the basis of experimental data [3] [4] [5] and generated numerical models within the context of that European project [6] . However, a fully experimental validation is yet required especially for cross-sections comprising slender elements. Hence, the purpose of this paper is to describe a comprehensive laboratory testing program on grade 1.4003 stainless steel slender tubular sections featuring square and rectangular hollow sections (SHS and RHS, respectively) conducted at the Universitat Politècnica de Catalunya. A total of 8 stub column tests and 9 beam tests, including 3-point bending and 4-point bending configurations were carried out. The mechanical material properties were determined at Acerinox Europa S.A.U where 16 tensile coupon tests, including both flat and corner specimens, were performed. The obtained test results have been used to assess the applicability of the slenderness limits and the accuracy of the effective width equations for slender elements given in EN 1993-1-4 [1] . The revised slenderness limits and effective width formula proposed by Gardner and Theofanous [7] as well as the design approach derived by Zhou et al. [8] have also been considered herein. Relevant conclusions regarding various appraisals are presented and design recommendations are proposed.
Experimental investigation 2.1 Introduction
An experimental investigation including 8 stub column tests and 9 beam tests was performed on ferritic stainless steel SHS and RHS in the Laboratori de Tecnologia d'Estructures Luis Agulló, in the Department of Construction Engineering at Universitat Politècnica de Catalunya. Four section sizes were examined (h×b×t): SHS 60×60×2, RHS 70×50×2, RHS 80×40×2 and RHS 100×40×2, see Fig. 1 . The investigated sections provided height to width ratios of 1, 1.4, 2 and 2.5. The specimens were cold-rolled from annealed flat strips of 1.4003 stainless steel and were delivered by the manufacturer in appropriate lengths to perform material and structural tests. The chemical composition and the tensile properties of the coil material used to form the various specimens are given in Table 1 and Table 2 , respectively, as provided by the steelmaker in the mill certificates. 
Material tests
A series of tensile coupon tests were conducted at Acerinox Europa S.A.U to determine the basic stress-strain response of the ferritic stainless steel specimens. All the tested coupons were extracted from the batch of the specimens selected for the tests. Two tensile flat coupons were taken from two faces of the SHS and RHS specimens in the longitudinal direction, resulting in a total of 8 tensile coupon tests. All tensile flat coupons were machined into parallel necked specimens with a standard gauge length of 5.65 , where A c is the cross-sectional area of the coupon, and width of 15 mm. Additional corner coupons were extracted from the curved portions of each of the cross-sections extended two times the thickness through the flat region in order to quantify the corner strength enhancements induced by the cold-forming process [9, 10] . A total of 16 material tests were performed.
Having extracted both flat and corner coupon tests, a longitudinal curving of all coupon specimens was observed. This was due to the release of the through-thickness bending residual stresses induced during the manufacturing process and present in the final crosssection. All the coupons almost returned to their flat state during gripping in the testing machine's jaws [11, 12] . Hence, the obtained stress-strain responses inherently include the effect of longitudinal through-thickness bending residual stresses. Membrane residual stresses were not explicitly measured since previous studies [13, 14] concluded that their effect is relatively small compared to bending residual stresses.
The coupons were placed in a hydraulic machine (see Fig. 2 (a) ) and were tested according to [15] . The test were conducted at uniform strain rate of 0.00025 s -1 up to the 0.2% proof stress and then increased up to 0.008 s -1 until fracture. A data acquisition system was employed to record load and displacement at regular intervals while testing by using a data logger piece of software. Typical tensile coupon fractures are presented in Fig. 2 The material properties obtained from the coupon tests are summarized in Table 3 where the coupons have been labelled beginning with the section geometry e.g. SHS 60×60×2, followed by the coupon type, F for tensile flat, C for tensile corner, and finally the section face number (1, 2), as given in Fig. 1 . The material parameters reported in Table 3 are the Young's modulus E, the dynamic 0.01%, 0.05% and 0.2% proof stresses σ 0.01 , σ 0.05 and σ 0.2 respectively, and the maximum achieved ultimate tensile stress σ u with its corresponding ultimate strain ε u . These material property values can be used to replicate the whole stressstrain curve on the basis of the compound Ramberg-Osgood material models available in the literature [16] [17] [18] [19] . The weighted average material properties based on face width and corner properties extended two times the thickness through the flat region of each section are given in Table 4 . Typical stress-strain response of tensile flat and tensile corner ferritic stainless steel material are depicted in Fig. 3 . 
Stub Column tests
Two repeated concentric stub column tests were performed on four ferritic stainless steel slender cross-sections: SHS 60×60×2, RHS 70×50×2, RHS 80×40×2 and RHS 100×40×2. All the specimens were selected to be short enough to avoid global flexural buckling but with enough length to include a representative pattern of residual stresses and geometric imperfections according to [20] . Hence, stub column lengths were equal to three times the largest nominal cross-sectional dimension. Prior to testing, measurements of each crosssection dimensions and initial geometric imperfections were conducted, which were measured at the location 180º (opposite face) and 90º angles from the weld. A linear variable differential transformer (LVDT) was used to obtain readings along the middle half of these faces of each specimen. The data was collected by passing the specimen, which was placed on a table of a milling machine, under the LVDT via an automatic feed at a fixed rate of 30 cm per minute. All the data was recorded at 2 s -1 intervals using the data acquisition system MGCplus and logged using the Catman Easy computer package. The obtained imperfection spectrums exhibited the expected half sine wave. The maximum measured imperfection from both faces was then averaged to determine the imperfection magnitude w 0 given in Table 5 . This table also reports the measured geometry (see Fig. 1 ) of each stub column specimen where L is the stub column length, h is the section depth, b is the section width, t is the thickness, r i is the internal corner radius and A is the area of the cross-section. Table 5 . Measured dimensions of the stub column specimens and imperfection magnitudes The specimens were tested in compression between parallel flat platens in an Instron 1000kN hydraulic testing machine as shown in Fig. 4 . The test was driven by displacement control at 0.5 mm/min. The instrumentation consisted of three LVDTs to measure the end shortening between both flat platens, a load cell to accurately record the compressive load and two strain gauges affixed at the mid-height of the largest plate width of the cross-section and at a distance two times the material thickness from mid-width of the face. The strain readings, which were taken from the first set of tests (SC1), were used to verify the concentricity of the loading distribution and to remove the elastic deformation of the flat platens. All the data, including load, displacement, voltage and strain were recorded at 2 s -1 intervals using the data acquisition system MGCplus and logged using the Catman Easy computer package. The experimental ultimate loads N u,test of the test specimens and their corresponding end shortenings δ u are given in Table 6 . The full end-shortening response for all the specimens is shown in Fig. 5 on a normalised basis by the plastic resistance of the gross cross-section N pl . Note that the similarity between the first (SC1) and the repeated test (SC2) for all the tested sections demonstrates the reliability of the test results. The reported end-shortening measurements given in Table 6 and Fig. 5 refer to the true stub column shortening δ. In determining this value, the elastic deformation of the end platens was eliminated following the guidelines of [21] and as given by Eq. (1) where δ LVDT is the LVDT end shortening and δ platen is the end platen deformation given in Eq. (2) where L is the length of the stub column specimen, σ is the applied stress, and E 0,LVDT and E 0,true are Young's moduli of the LVDTs and strain gauge response, respectively. All the specimens failed by local buckling and typical failure modes are shown in Fig. 6 . 
Beam tests
A total of 9 in-plane bending tests, including 3-point (3P) and 4-point (4P) load configurations were conducted to determine the flexural response of ferritic stainless steel SHS and RHS. All four sections SHS 60×60×2, RHS 70×50×2, RHS 80×40×2 and RHS 100×40×2 were tested under 4-point bending configuration about both major (Mj) and minor (Mi) axis while sections SHS 60×60×2 and RHS 80×40×2 were tested under 3-point bending configuration about minor axis. All the beams were simply supported with spans of 1500 mm and extended 100 mm beyond the simple supports at each end resulting in a total length of 1700 mm. The supports, which were steel rollers, allowed axial displacement of the beam. Although the tubular geometry of the specimens precluded lateral torsional buckling, possible lateral displacement was prevented placing stabilizers at both supports in contact with the beam through teflon plates provided with a layer of grease to minimize friction and allow inplane rotation.
Prior to testing, measurements of each cross-section dimensions and initial geometric imperfections were taken following the same procedure conducted in section 2.2 for the stub column specimens. The measured geometry and imperfection magnitudes w 0 of each beam are reported in Table 7 where W el and W pl are the elastic and the plastic section modulus, respectively. The tested beams were loaded symmetrically in a 1000 kN hydraulic testing machine at midspan for the 3-point configuration while for the 4-point bending tests, the load was applied at two points (510 mm from each support) as shown in Figs 7 and 8, respectively. Load cells were placed under both supports to verify symmetry of loading while testing. Position sensors (Temposonic) were located at loading points to measure vertical deflections in both test arrangements while a string potentiometer was additionally placed at mid-span for the 4-point bending tests. In order to determine the end rotation of the beams, two inclinometers were positioned at each end of the beams. Strain gauges were affixed at the top and bottom flanges of the beams at 60 mm from the mid-span for the 3-point bending tests and at mid-span for the 4-point bending tests. Specimen RHS 80×40×2-3P tested about minor axis under 3-point bending configuration was monitored with four strain gauges at both top flange and web to recode the onset of local buckling as well as material and post-buckling nonlinear effects. Wooden blocks were placed within the tubes and were carefully located under the loading points to prevent web crippling failure for the 4-point configuration and the specimen 80×40×2-3P-Mi tested about minor axis under the 3-point configuration. The load was applied through elastomeric bearing plates and the test was driven by displacement control at a rate of 3 mm/min. All the data, including load, displacement, voltage and strain was recorded at 2 s -1 intervals using the data acquisition system MGCplus and logged using the Catman Easy computer package. The experimental ultimate bending moment M u,test , together with other key experimental results are presented in Table 8 . Recall that specimen 60×60×2-3P was not provided with wooden blocks and consequently, web crippling and bending interaction effects were observed in the test result. In determining the corrected value for the ultimate bending moment given in Table 8 , the effective moment resistance of the cross-section determined deducting the ineffective areas according to the reduction factor ρ given in EN 1993-1-4 [1] and the interaction bending moment and local load equation given in EN 1993-1-3 [22] was used. Full moment-rotation and moment-curvature curves from the 3-point bending tests and the 4-point bending tests are presented in Figs 9 and 10, respectively, where θ is the mid-span rotation determined as the sum of the measurements taken by the two inclinometers and κ is the curvature calculated according to [23] and as given by Eq. (3) where u ms is the deflection at mid-span measured by the string potentiometer, u av is the average of the vertical displacement at loading points defined as u av =(u 1 +u 2 )/2 and taken from the temposonic sensors measurements, and L is the distance between the loading points. The rotation capacity R reported in Table 8 was determined as R=(θ u /θ pl )-1 and R=(κ u /κ pl )-1 for the 3-point bending tests and the 4-point bending tests, respectively, where θ u (κ u ) is the rotation (curvature) at which the moment-rotation (moment-curvature) curve falls below M pl on the descending branch and θ pl (κ pl ) is the elastic part of the total rotation (curvature) corresponding to M pl in the ascending branch determined as θ pl =M pl L/2EI (κ pl =M pl L/EI), which is also given in Table 8 , where I is the second moment of area of the section. Note that, given the slenderness nature of the cross-sections, most of the failures are achieved prior to the attainment of the plastic moment M pl exhibiting no or little rotation capacity.
Typical local buckling modes were observed for all the specimens under both test arrangements as depicted in Fig. 11 (a) and 11 (b) for the 3-point bending and 4-point bending test configurations, respectively. For the specimen 80×40×2-3P-Mi, which was monitored by affixing additional strain gauges as mentioned earlier, the evolution of the stresses along the compressed flange and the web under bending is presented in Fig. 12 (a) and 12 (b), respectively. For the former, strain measurements were taken at coordinates 15, 30, 50 and 65 mm along the cross-section width while for the latter the gauges were placed at 10, 16, 23 and 30 mm from the bottom flange. In these figures, a linear stress distribution is observed up to the onset of local buckling in the compressed flange, which is the most slender element, for an applied moment of M=2.81kNm. Beyond this point, the stresses in the compressed flange ( Fig. 12 (a) ) are transferred to the edge portion of the plate resulting in the typical non-uniform stress distribution pattern assumed by the effective width theory (post-buckling behaviour) for slender cross-sections. Consequently, the neutral axis (N.A.) of the web subjected to bending ( Fig. 12 (b) ) is shifted downwards. Note that the stress distribution in the web does not remain linear due to the actual non-linear material response exhibited by stainless steel.
Analysis of results and design recommendations 3.1 General
The European structural stainless steel design standard, EN 1993-1-4 [1] , accounts for the effects of local buckling through the cross-section classification concept given in EN 1993-1-1 [24] . The procedure to classify a cross-section is based on the determination of the slenderness parameter c/tε, where c is the flat width, t is the element thickness and ε is the material factor defined as ε=[(235/σ 0.2 )(E/210000)] 0.5 . This parameter is then compared to different slenderness limits defining the different cross-sectional classes which depend on the manufacturing process (cold-formed or welded), the boundary conditions (internal or outstand elements) and the stress gradient (fully compressed, bending or combined compression and bending). In this procedure, all the constituent elements of the cross-section are assumed to be under simply supported conditions, hence neglecting the effect of element interaction. The whole cross-section classification relates to its most slender constituent element. Local buckling effects on slender cross-sections are accounted for by means of the effective width method applying a reduction factor ρ to the various plate widths that make up the cross-section so that the ineffective areas are deducted.
With the benefit of a far greater pool of experimental data than was available when EN 1993-1-4 [1] was published, Gardner and Theofanous [7] proposed new slenderness limits and revised the effective width formulae which have been experimentally verified for a variety of stainless steels and cross-sections [5, [25] [26] [27] but still require further assessment, particularly for ferritic stainless steel slender sections. Slender sections are significantly influenced by the effects of element interaction, performing a higher structural response for higher aspect ratios α=h/b due to the degree of restraint provided by the flanges to the webs. Zhou et al. [8] derived a new design procedure to account for element interaction effects by proposing different Class 3 slenderness limits and reduction factor ρ equations for a given aspect ratio α. This approach was derived on the basis of generated numerical models on high strength stainless steel sections and its applicability to other grades might be examined.
The obtained experimental results on ferritic SHS and RHS stub column and beam tests are therefore used through this section to assess the slenderness limits and effective width formula used for cross-section design given in the current European specification for stainless steel, EN 1993-1-4 [1] , those proposed by Gardner and Theofanous [7] as well as Zhou et al. [8] design approach to ferritic stainless steel. The assessment covers internal elements in compression and bending.
Assessment of Class 3 slenderness limit and cross-section resistance 3.2.1 Elements in compression
Both results from stub column and bending tests have been employed to assess the Class 3 slenderness limit for internal elements in compression. To this end, the relevant response N u,test /Aσ 0.2 or M u,test /W el σ 0.2 , where A is the area of the gross cross-section, W el is the elastic section modulus, σ 0.2 is the 0.2% proof stress based on the weighted average value given in Table 4 and N u,test and M u,test are the ultimate test load and moment, respectively, has been plotted against the slenderness parameter c/tε of the most slender constituent element controlling the local buckling response as shown in Figs 13 and 14 for the stub columns and the beams, respectively. The corresponding Class 3 limits given in EN 1993-1-4 [1] , revised in [7] and proposed in [8] are also shown. Note that a cross-section is deemed to be Class 3 (or better) if N u,test (or M u,test ) exceeds Aσ 0.2 (or W el σ 0.2 ). In determining the most slender element in terms of the relevant slenderness , simply supported conditions and appropriate stress distribution under which the flat elements of the cross-section are subjected were assumed to calculate the buckling factor k σ as given by EN 1993-1-5 [28] . Table 9 shows the values of the relevant response together with the slenderness of the web , and the flange , , and the slenderness parameter c/tε for the cross-sectional plate elements of all the specimens, where c f and c w are the flat portion of the flange and the web, respectively. From Figs 13 and 14, it might be concluded that the current EN 1993-1-4 [1] Class 3 limit of 30.7 is appropriate for application to ferritic stainless steel, but conservative, while the revised slenderness value of 37 proposed by Gardner and Theofanous [7] better fits the test results. Zhou et al. [8] slenderness limiting values given in Eq. (4) provide good agreement with test data for an aspect ratio of α=1 (SHS) except for the specimen 60×60×2 tested under 3-point bending configuration which failed by bending and web crippling interaction. For aspect ratios α>1 (RHS) there are not enough representative data to draw a conclusion and further research is required to trace the trend of the structural response of the tested sections over the slenderness axis. However, the experimental results seem to achieve higher ultimate response with increasing aspect ratio and decreasing slenderness thereby reflecting the benefits of the element interaction effects and allowing less restrictive slenderness limits which is in line with the basis of Zhou et al. [8] design approach. It is therefore recommended Gardner and Theofanous: c/tε=37
the Class 3 limit of 37 proposed by Gardner and Theofanous [7] for ferritic stainless steel cross-sections in light of the available resources which indicate the necessity to research on the effects of element interaction to extend Zhou et al. [8] proposal for application to ferritic steels. 
Another aspect that should be mentioned in Figs 13 and 14 is that, ignoring the combined bending and web crippling interaction failure of specimen 60×60×2 tested under 3-point bending configuration, an assessment based on compression data leads to a stricter Class 3 limit [6, 29] . Thereby, the results from the stub column tests are used herein to assess the effective width formula for internal elements in compression used for cross-section design specified in EN 1993-1-4 [1] given in Eq. (5), and those proposed by Gardner and Theofanous [7] given in Eq. (6) and by Zhou et al. [8] given in Eqs (7) and (8). It is worth noting that the two former approaches apply the reduction factor ρ to the cross-sectional areas of the flat part of the elements of the cross-section classified as Class 4 while in the latter approach ρ is applied to the whole cross-section. Therefore, for the assessment of EN 1993-1-4 [1] and revised Gardner and Theofanous [7] proposal presented in Fig. 15 , the reduction factor ρ determined as = [1] and proposal in [7] for internal compressed elements [8] (7) ( ) =
. . Fig. 16 Assessment of the reduction factor for Zhou et al. approach [8] for internal compressed elements
The predicted cross-section capacities N u,pred by these three design approaches and key statistical values concerning mean predictions and coefficient of variation (COV) relative to the test results are given in Table 10 . As shown in Fig. 15 , EN 1993-1-4 [1] is the lowest effective width curve and underestimates the test results, while Gardner and Theofanous [7] revised equation is more accurate. Overall, Zhou et al. [8] proposed curves provide a better approximation to the test results as observed in Fig. 16 and Table 10 with the lowest mean and coefficient of variation (COV). 
Elements in bending
The Class 3 slenderness limits for elements in bending specified in EN 1993-1-4 [1] and proposed by Gardner and Theofanous [7] , together with the bending test results, are assessed in Fig. 17 , where the test ultimate bending capacity M u,test has been normalised by the product of the elastic section modulus W el and the 0.2% proof stress σ 0.2 and plotted against the slenderness parameter c/tε of the most slender constituent element in the cross-section controlling the local buckling response. Note that Fig. 17 includes the results corresponding to the specimen 100×40×2-4P tested about major axis, of which the element in bending (web) controlled the local buckling response; hence, exhibiting higher relevant slenderness than the uniformly compressed flange, see Table 9 . From Fig. 17 , it may be concluded that EN 1993-1-4 [1] slenderness limit of 74.8 is appropriate for ferritic stainless steel while no conclusions can be drawn for the proposed limit of 90 by Gardner and Theofanous [7] . 
Elements in compression
In Fig. 18 , the experimental ultimate bending moment M u,test is normalized by the product of the plastic section modulus W pl and the 0.2% proof stress σ 0.2 and plotted against the slenderness parameter c/tε of the most slender constituent element in the cross-section to assess the Class 2 slenderness limit for internal elements in compression specified in EN 1993-1-4 [1] and the proposed by Gardner and Theofanous [7] . This relevant response is also given in Table 9 . From Fig. 18 , it might be concluded that the current EN 1993-1-4 [1] Class 2 limit of 26.7 is applicable to ferritic stainless steel, but conservative, while the revised slenderness value of 35 proposed by Gardner and Theofanous [7] is more appropriate. The rotation capacity of the bending test results reported in Table 8 is plotted against the flange slenderness in Fig. 19 to assess the Class 1 limit. Given the fact that there is no codified deformation capacity requirement for Class 1 stainless steel sections, the rotation capacity requirement of R=3 [30] for carbon steel is adopted herein, as has been assumed in existing investigations [5, 26, 27] . Even though the European standard for stainless steel does not allow plastic design, a Class 1 limit of 25.7 is given in EN 1993-1-4 [1] . This limit as well as Gardner and Theofanous [7] proposed value of 33 appear unsafe in Fig. 19 under the assumption that this rotation capacity requirement of R=3 is appropriate for stainless steel. Previous studies reported the influence of the material response on the rotation capacity R for various stainless steels [6, 26] which are believed to significantly reduce the ductility demands on stainless steel structures for plastic design, particularly the gradual yielding and considerable strain hardening. To date, there is neither enough available experimental data nor research on stainless steel regarding plastic design to conduct an accurate assessment for the Class 1 slenderness limit. 
Elements in bending
The assessment of the Class 2 limit for internal elements in bending is shown in Fig. 17 together with the assessment of the Class 3 limit. For this case, the experimental ultimate bending moment M u,test is normalized by the product of the plastic section modulus W pl and the 0.2% proof stress σ 0.2 (plastic moment capacity M pl ) and plotted against the slenderness parameter c/tε of the most slender constituent element subjected to bending in the crosssection and controlling the local buckling response, see Table 9 . In Fig. 20 it is observed that the slenderness limit of 76 proposed by Gardner and Theofanous [7] is too optimistic, and the EN 1993-1-4 [1] value of 58.2 should be adopted for the design of ferritic stainless steel elements in bending.
Conclusions
An experimental investigation on the structural performance of cold-formed SHS and RHS structural elements on grade 1.4003 (similar to 3Cr12) ferritic stainless steel has been described in detail in the present paper. Tests were undertaken on 4 section geometries with different aspect ratios α=h/b ranging from 1 to 2.5 and featuring slender elements. A total of 16 tensile coupon tests, including flat parts and corners, 8 stub column tests, 2 3-point bending tests and 7 4-point bending tests about major and minor axis have been presented. The obtained test data were used to assess the applicability of the slenderness limits and effective width formulae of the current European specification for stainless steel, EN 1993-1-4 [1] , those proposed by Gardner and Theofanous [7] and the design approach proposed by Zhou et al. [8] , which accounts for the benefits of element interaction effects, to ferritic stainless steel. The assessment covered internal elements in compression (Class 1 to 4 and effective width method) and internal elements in bending (Class 2 and 3).
The results showed that the Class 3 slenderness limit and effective width equation for elements in compression given in EN 1993-1-4 [1] are applicable to ferritic stainless steel, though those proposed by Gardner and Theofanous [7] are more appropriate and this is the recommended approach for cross-section classification of slender elements. The proposed Class 3 limit by Zhou et al. [8] for aspect ratios of 1 (SHS) is also well suited for ferritic stainless steels but for aspect ratios >1 (RHS) the amount of tested sections, of which the achieved loads were consistent with the basis of this design method, is not representative to validate the applicability of this design approach to ferritic stainless steel sections and further research is essential to study the effects of element interaction in such sections. On the other hand, the cross-section resistance predicted by Zhou et al. [8] design method, using the reduction factor ρ as a function of the aspect ratio, more closely matched the test data in comparison with EN 1993-1-4 [1] and Gardner and Theofanous [8] approaches. Regarding the assessment of elements in bending, it was observed that the current Class 3 slenderness limit given in EN 1993-1-4 [1] is safe for application to ferritic stainless steel while no conclusion could be drawn for the Gardner and Theofanous [7] slenderness limiting value. The results also showed the adequacy of the Class 2 slenderness limits given in EN 1993-1-4 [1] for both internal elements in compression and bending, though the proposed slenderness values by Garner and Theofanous [7] for the formers reflect better the cross-sectional behaviour. For internal elements in bending, however, the proposed Class 2 limit by Gardner and Theofanous [7] was observed to be unsafe for application to ferritic stainless steels and the value given in EN 1993-1-4 [1] is therefore recommended. The necessity to conduct further research on plastic design was also highlighted to derive appropriate ductility demands and Class 1 slenderness limiting values for application to ferritic stainless steels.
